ABSTRACT: A 2-yr grazing experiment was conducted to assess the effects of grazing management on cattle distribution and pasture and stream bank characteristics. Six 12.1-ha cool-season grass pastures in central Iowa were allotted to 1 of 3 treatments: continuous stocking with unrestricted stream access (CSU), continuous stocking with stream access restricted to 4.9-mwide stabilized crossings (CSR), or rotational stocking with stream access restricted to a riparian paddock (RP). Pastures were stocked with 15 fall-calving Angus cows (Bos taurus L.) from mid-May to mid-October for 153 d in 2008 and 2009. A global positioning system (GPS) collar recording cow position every 10 min was placed on at least 1 cow per pasture for 2 wk of each month from May through September. Off-stream water was provided to cattle in CSU and CSR treatments during the second of the 2 wk when GPS collars were on the cattle. A black globe temperature relative humidity index (BGTHI) was measured at 10-min intervals to match the time of the GPS measurements. Each month of the grazing season, forage characteristics (sward height, forage mass, and CP, IVDMD, and P concentrations) and bare and fecal-covered ground were measured. Stream bank erosion susceptibility was visually scored in May, August, and October (pre-, mid-, and post-stocking). Cattle in RP and CSR treatments spent less time (P < 0.10) within the stream zone (0 to 3 m from stream center) in June and August and in the streamside zone (0 to 33 m from stream zone) in May through August and May through September, respectively, than cattle in CSU pastures. However, off-stream water had no effect on cattle distribution. Compared with the CSU treatment, the CSR treatment reduced the probability (P < 0.10) that cattle were within the riparian zone (0 to 36 m from stream center) at BGTHI of 50 to 100. Bare ground was greater (P < 0.10) in pastures with the CSU than CSR and RP treatments in the stream and streamside zones in September and October and in July and September. Streams in pastures with the CSU treatment had less stable banks (P < 0.10) mid-and post-stocking than RP or CSR treatments. Results show that time spent by cattle near pasture streams can be reduced by RP or CSR treatments, thereby decreasing risks of sediment and nutrient loading of pasture streams even during periods of increased BGTHI.
INTRODUCTION
Deterioration of stream bank vegetation and stability from congregation of cattle in riparian areas of grazed lands can lead to increased stream bank erosion and surface runoff (Trimble and Mendel, 1995) , resulting in P loading and eutrophication of freshwater resources (Sharpley et al., 1994; Carpenter et al., 1998; Alexan-der et al., 2008) . Riparian areas within a pasture are sources of highly palatable forages, water, and shade for thermoregulation of grazing cattle (Kauffman and Krueger, 1984) . The favorable microenvironment in a riparian area entices grazing cattle to spend disproportionate amounts of time within the area, resulting in overgrazing and accelerated stream bank erosion (Belsky et al., 1999) .
Effects of cattle on the deterioration of riparian areas are likely dependent on the amount of time and activity of the cattle within the area (Agouridis et al., 2005) . However, complete exclusion of cattle from pasture streams results in financial costs and loss of grazing land (Unterschultz et al., 2004) . Off-stream water (Godwin and Miner, 1996; Sheffield et al., 1997; Byers et al., 2005) , supplements (Bailey and Welling, 2007; Bailey et al., 2008; George et al., 2008) , and shade (McIlvain and Shoop, 1971 ) have improved grazing distribution or reduced impacts of grazing cattle on nonpoint source pollution of streams in western rangelands or southern pastures in the United States. But there has been limited evaluation of these management strategies on cattle distribution and the related long-term impacts of grazing on the characteristics of riparian areas in the temperate environment of the Midwest.
The objective of this experiment was to evaluate the efficacy of restricting stream access to stabilized sites or riparian paddocks or providing off-stream water to improve grazing distribution and reduce the risks of longterm stream bank deterioration associated with grazing cattle in Midwestern cool-season grass pastures.
MATERIALS AND METHODS
All procedures for animal use in this experiment were reviewed and approved by the Institutional Animal Care and Use Committee at Iowa State University. . Soils at the experiment site were classified as Ackmore (fine-silty, mixed, nonacid, mesic Aeric Fluvaquent) and Nodaway (fine-silty, mixed, nonacid, mesic Mollic Udifluvent) silt loams. Pastures primarily contained a mixture of smooth bromegrass (Bromus inermis L.) and reed canarygrass (Phalaris arundinacea L.) with lesser amounts of tall fescue (Festuca arundinacea Schreb.), Kentucky bluegrass (Poa pratensis L.), and legumes. Pastures were not fertilized during the experiment or for at least 3 grazing seasons before the experiment.
Site Description
In 2005, during a previous experiment by Haan et al. (2010) , the pastures were grouped into 2 blocks and randomly assigned 1 of 3 grazing treatments. Treatments included continuous stocking with unrestricted stream access (CSU), continuous stocking with stream access restricted to 4.9-m-wide stabilized crossings (CSR), or rotational stocking with stream access restricted to a riparian paddock (RP). In the CSR treatment, cattle were not allowed access to the streamside buffer (approximately 0.91 ha), which reached approximately 33 m to either side of the stream. The stream access ramp was stabilized in the stream to 11.3 m on either side of the stream by a geofabric base covered with 15.2-cmdeep polyethylene webbing (Presto Geosystems, Appleton, WI) filled with crushed rock. Pastures in the RP treatment were divided into a 5-paddock rotation with 4 upland paddocks (2.78 ha) and a single riparian paddock (0.91 ha). Upland paddocks were grazed until onehalf of the forage was consumed as estimated with a falling plate meter (4.8 kg·m −2 ; Haan et al., 2007) or for a maximum of 14 d. Riparian paddocks were grazed for a maximum of 4 d or to a minimum sward height of 10 cm (Clary and Leininger, 2000) as measured by the falling plate meter (Haan et al., 2007) .
Ninety fall-calving Angus cows [Bos taurus L.; initial BW (mean ± SD) 618.6 ± 47.4 and 576.9 ± 48.7 kg in 2008 and 2009, respectively] were blocked by age and BW and randomly assigned to 1 of the 6 pastures. Cows were stocked on the pastures from mid-May to mid-October for 153 d in both years.
On both sides of the stream, off-stream water sites were located at least 240 m away from the stream in the upland portions of the pasture. Fences were placed around water sites in CSU and CSR pastures to control cattle access. Cattle were offered a P-free mineral (Ca maximum 30%, minimum 25%; NaCl maximum 19.4%, minimum 16.2%; Mg 1.0%; K 0.5%; Cu 1,000 mg/kg; Mn 3,750 mg/kg; Se 24 mg/kg; Zn 3,750 mg/kg; vitamin A 550,000 IU/kg; vitamin D 3 220,000 IU/kg; and vitamin E 880 IU/kg; Kent Feeds Inc., Muscatine, IA) free-choice in mineral feeders placed adjacent to each off-stream water site.
Weather
A data-logging HOBO weather station (Onset Comp. Co., Bourne, MA), located in the streamside buffer in the middle of the experiment site, recorded black globe temperature (BGTemp) and relative humidity (RH) at 10-min intervals and total precipitation throughout the grazing season (Figure 2) . In 2008, the data logger measuring RH failed in the months of June and July. Therefore, for consistency, RH data for the 2008 season was downloaded from the NOAA weather station in Marshalltown, IA (approximately 24 km from the experiment site). To measure stream stage height, pressure transducers (GE Druck Inc., New Fairfield, CT) were placed near the upstream and downstream borders of the experiment site. A measurement was taken every 15 min, and daily high and low stages were recorded on Campbell CR-10 and CR-510 data loggers (Campbell Scientific, Logan, UT) from May through October of each year (Figure 2 ).
Cattle Distribution
Pastures were divided into 4 zones to determine cattle location in relation to distance from the stream us- ing ArcGIS 9.1 (ESRI, Redlands, CA) of aerial maps of known pasture coordinates (Haan et al., 2010) . Pasture zones included the following: stream zone (3 m buffer from the center of the stream), streamside zone (0 to 33 m from the stream zone), exchange zone (33 to 66 m from the stream zone), and the upland zone (greater than 66 m from the stream zone). For determination of the effect of climate on cattle distribution, the stream and streamside zones were combined to form the riparian zone. The stream, streamside, exchange, and upland zones were 0.6, 6.6, 6.6, and 86.2% of the pasture area, respectively. The riparian zone was approximately the same size as the riparian paddocks and buffers in the RP and CSR treatments, respectively.
Cattle distribution was measured at 10-min intervals 24 h·d −1 by placing global positioning system (GPS) collars [AgTraX-BlueSky Telemetry, Aberfeldy, Scotland, and the Engineering Services Group of Ames Laboratory, Ames, IA] on 1 to 2 cows per pasture for 2 wk each month in May through September ( Figure  2 ). In 2008, the experiment utilized 6 AgTraX collars; however, successive collar failure generated a need for additional collars. Prototype collars of comparable accuracy, designed by the Engineering Services Group of Ames Laboratory, provided a cost-effective option (Table 1) with the additional advantage of immediate repair service. Collar accuracy was tested in an open field with a clear view of the sky for 139 consecutive hours by placing collars on wooden stands located at coordinates marked by a RTK-GPS unit (Agouridis et al., 2004) . Differential correction of the GPS data was not possible because collars only recorded date, time, position, and battery status.
Cattle in the CSU and CSR treatments were allowed access to off-stream water during the second week of the 2 wk of GPS data collection to monitor the effects of off-stream water. At the end of the 2 wk period, collars were removed and data points were downloaded onto ArcGIS 9.1 for processing and deletion of erroneous positions. Erroneous positions (<2% of total) included positions recorded while cattle were traveling to and from working facilities, and positions recorded well outside pasture fences.
A black globe temperature-humidity index (BGTHI; Figure 2 and paired with each GPS observation. The number of observations of a cow within a given zone was divided by the total number of observations at that BGTHI integer to determine the probability of a cow being in a zone at that BGTHI unit (Haan et al., 2010) .
Pasture Characteristics
Pasture characteristics (sward height, forage mass and composition, and bare and fecal-covered ground) were measured monthly from May through October in each zone (stream, streamside, exchange, and upland). For pasture characteristics determination, the stream zone was considered to extend to the top of the stream banks, approximately 3 m from the edge of the stream. The remaining zones were approximately at equivalent distances from the stream as the zones used for cattle distribution measurements.
Pasture characteristics were measured from 3 randomly selected sites in open and congregation areas on each side of the stream in the stream, streamside, and exchange zones. Congregation areas were considered to be areas under the drip line of trees or near stream access points or off-stream water and mineral supplementation sites. In the upland zone, 24 open and 12 congregation sites were measured on each side of the stream; however, forage mass and composition were only measured in one-half of the sites in the open areas. Because soil on the stabilized stream ramps and access sites was covered with geofabric and polyethylene webbing, and because crushed rock and feces were difficult to identify on the crushed rock, no pasture characteristics were measured on the ramps or the access sites in the stream or streamside zones of the pastures with the CSR treatment.
At each site, sward height was measured with a falling plate meter (4.8 kg·m 2.5-cm stubble height. Forage samples from open or congregation areas within each zone were composited by pasture monthly. Bare and fecal-covered ground was measured parallel to the stream using the line-transect method over 15.2 m (Laflen et al., 1981) . The total amount of congregation area within each zone in each pasture was measured with a tape measure in July of each year and subtracted from the total area of each zone in each pasture to calculate the size of open areas. Congregation areas were considered to be the area under each tree, calculated as a circle with a radius to the drip line, and the area of stream and off-stream water access points, determined by the shape of trodden cattle paths or areas. Mean percentages of congregation area were 22.5, 32.4, and 28.3% in the stream zone and 3.6, 4.6, and 1.5% in the streamside zone for CSU, CSR, and RP treatments, respectively. Sward height, forage mass, forage composition, and bare and fecalcovered ground of each zone within each pasture were calculated as means weighted by the proportion of congregation and open areas within that zone and pasture.
Laboratory Analysis
Forage samples were dried for 48 h at 65°C and weighed. Dried samples were ground through a 1-mm screen using a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA) and subsampled for laboratory analysis. Forage CP was determined as 6.25 times total Kjehldahl N (AOAC, 1990). Forage IVDMD was measured by a 48-h incubation in ruminal fluid, collected from a fistulated steer fed a grass hay diet, and the NC-64 buffer followed by a 24-h incubation after addition of a HCl-pepsin solution (Tilley and Terry, 1963 as modified by Barnes and Marten, 1979) . Forage P was determined by combustion in a muffle furnace at 550°C for 4 h followed by an acid extraction of the ash with 6 N hydrochloric acid, a molybdovanadate reaction and colorimetric determination against a standard curve (Spectronic Instruments, Rochester, NY) at 400 nm (AOAC, 1990) .
Stream Bank Erosion Susceptibility
In May, July, and October (pre-, mid-, and poststocking) of each year, stream banks were visually scored by a single person using an erosion susceptibility score (Nellesen et al., 2011) . Erosion susceptibility scores were the product of slope [1 (flat) to 3 (steep)], vegetative cover [1 (heavy) to 4 (bare)], and stability [1 (stable) to 5 (very unstable)] scores and were weighted for their percentage of the length of stream including the ramps of the stabilized stream crossings. Scores could range from 1 to 60 with a lesser score representing a bank that was less susceptible to erosion and a greater score representing a bank with greater potential for stream bank erosion.
Statistical Analysis
For all analyses, pasture was considered the experimental unit (n = 6). Additionally, data were analyzed by month or period in all instances. Effects of grazing treatment (CSU, CSR, and RP) on the distribution of cattle within each zone were measured using GPS data when off-stream water was not available to the cattle. The MIXED procedure (SAS Inst. Inc., Cary, NC) was used to determine treatment differences for cattle distribution, stream bank slope, vegetation, stability, and erosion susceptibility scores, and pasture and forage characteristics with a model that included the fixed effects of year, treatment, and their interactions, and a random effect of block × treatment to account for repeated measures on the same pastures. Block was not a significant effect in most analyses; therefore, it was removed from the model statement. To analyze the effects of grazing treatment (CSU and CSR) and offstream water on cattle distribution, off-stream water availability (water), and the water × year interaction were inserted into the model as fixed effects. An additional random effect of the water × cow interaction was applied because collars were placed on the same cow in each pasture over the 2-wk data collection period.
To analyze the differences in the 5-yr trends of the stream bank slope, vegetation, stability, and erosion susceptibility scores utilizing data from Nellesen et al. (2011) and this experiment. Year was removed from class statement to become a continuous variable. Additionally, because of seasonal differences in scores within years, only measurements taken during the prestocking period of each year were used in the trend line analysis.
The GLIMMIX procedure of SAS was used to analyze the effect of BGTHI on the probability of cattle being located within the riparian zone at each BGTHI unit. The model included the fixed effects of year, treatment, off-stream water availability (water) and their interactions, and random effects of block × treatment and water × cow. The probability of cattle being within the riparian zone was grouped at 10 integer intervals from 50 to 100 because points beyond this range were scarce, using the AT statement in the LSMeans.
Differences between means of variables with significant treatment effects were determined by comparing the LSMeans using the PDIFF statement along with a Tukey adjustment. Because of small number of experimental units, significance was determined at a level of P < 0.10. Cattle distribution, pasture characteristics, and erosion susceptibility data were analyzed by month and zone when applicable.
RESULTS

Cattle Distribution
Cattle in the CSU treatment spent a greater (P < 0.10) proportion of time within the stream zone than cattle in either the CSR or RP treatments in June and August (Figure 3a) . In each month, cattle spent a greater (P < 0.10) proportion of time within the streamside zone in the CSU treatment than in the CSR treatment (Figure 3b) . Similarly, cattle in the RP treatment spent less (P < 0.10) time in the streamside zone than cattle in the CSU treatment in all months except September (Figure 3b) . However, by chance, periods when GPS collars were placed on cattle and when cattle were stocked within the riparian paddock in the RP pastures never occurred at the same time except for September of 2009. Cattle were stocked in the riparian paddock of the RP pastures for 6 d (3.9%) of the grazing season in both 2008 and 2009. Allowing cattle access to off-stream water did not consistently alter cattle distribution (Figure 4a,b) . Access to off-stream water increased the proportion of time cattle spent within the stream and streamside zones in the pastures with the CSU treatment in June. However, off-stream water decreased (P < 0.10) the proportion of time that cattle spent within the streamside zone in pastures with the CSU treatment in May and September. Off-stream water caused no differences in the proportions of time that cattle were in the stream or streamside zones in pastures with the CSR treatment in any month.
Year and year × treatment interactions on cattle distribution rarely occurred within the stream or streamside zones. Cattle spent more time (P < 0.10) within the stream zone of pastures with the CSR treatment during May of 2008 than in 2009, causing both year effects and year × treatment interactions. In contrast, cattle in all treatments spent more time (P < 0.10) within the streamside zone in August of 2009 than 2008.
Statistical differences observed in the proportion of time that cattle spent in the exchange and upland zones of CSU, CSR, and RP pastures were minimal or irrelevant with or without the presence of off-stream water (data not shown).
Cattle in the CSU treatment had a greater (P < 0.05) probability of being within the riparian zone from a BGTHI of 50 to a BGTHI of 100 than cows in the CSR treatment ( Figure 5) . Also, the probability of cattle being within the riparian zone increased more rapidly (P = 0.001) for pastures with the CSU than CSR treatments as BGTHI increased. As observed above, off-stream water did not affect the probability of time that cattle spent within the riparian zone at any index in CSU or CSR pastures (data not shown). No effects of year or year × treatment were observed for the effect of BGTHI on the probability of cattle being in the riparian zone.
Forage Characteristics
Forage sward heights in the stream zone were greater (P < 0.10) in July, September, and October in pastures with the CSR than the CSU treatment (Table 2) . Forage sward heights in the stream zone of pastures with the RP treatment did not differ from the CSU or CSR treatment in any month. In the streamside zone, forage sward heights were greater (P < 0.10) for pastures with the CSR than CSU treatment in every month except May and were greater than pastures with RP treatment in July through October. However, pastures with the RP treatment had greater (P < 0.10) sward heights than the CSU treatment in June through August. Sward heights were greater (P < 0.10) in 2009 than 2008 in the stream zone in May, June, September, and October, which may be partially caused by the heavy rains and increased stream flow in May and June of the Although differences in sward heights were observed in the stream zone, the stream zone of pastures with the CSR treatment had greater (P < 0.10) forage mass than the CSU or RP treatments only in October. The difference between these measurements may have resulted from the uneven terrain on the stream banks, which may have caused less accurate readings from the falling plate meter. In the streamside zone, pastures with the RP and CSR treatments had greater (P < 0.10) forage mass than the CSU treatment from June through September and July through October, respectively. Pastures with the CSR treatment maintained greater (P < 0.10) forage mass than the RP treatment in September and October. Few treatment differences in forage mass were observed in the exchange or upland zones (data not shown). Also, few differences in forage quality characteristics (CP, IVDMD, and P) were observed in the stream and streamside zones between treatments in any month (data not shown).
Ground Cover
The proportions of bare ground in the stream and streamside zones were greater (P < 0.10) in the CSU treatment than the CSR and RP treatments in September and October, and July and September, respectively (Table 3) . Although large numeric differences in bare ground occurred in each month in the stream zone, lack of statistical differences between treatments in other months may be attributed to high variability in the measurements and few treatment replicates. Bare ground was greater (P < 0.10) in the stream zone in June and in the streamside zone in July of 2008 than Because cattle were not allowed to graze the riparian buffer on either side of the stream crossings in pastures with the CSR treatments and feces was too difficult to identify to be able to be measured on the stabilized crossings, no cattle feces were found in either the stream or streamside zones of the CSR treatment. Therefore, treatment differences between CSR and CSU or RP were tested by whether the treatments were statistically different from zero. Fecal-covered ground in the stream zone of pastures with the CSU treatments was greater (P < 0.10) than the CSR treatment in June, July, September, and October, and greater than RP treatments in June and October (Table 3) . Pastures with the RP treatment had greater (P < 0.10) fecalcovered ground in the stream zone than the CSR treatments in July. In the streamside zone, fecal-covered ground in pastures with the CSU treatment was greater (P < 0.10) in May through September than the CSR treatment and in May, June, and August than the RP treatment. Pastures with the RP treatment had greater (P < 0.10) fecal-covered ground than the CSR treatment in September. The assumption that pastures with the CSR treatment had no manure in the stream and streamside zone may have underestimated the amount of feces in these zones because fecal-covered ground on the stabilized crossings could not be measured and the distribution of defecations is proportional to the distribution of cows in these zones (Haan et al., 2010) . 
Erosion Susceptibility
Stream bank slope score did not differ between treatments (Table 4) . However, the stream bank stability score was smaller (P < 0.10) in pastures with the CSR and RP treatments than the CSU treatment mid-and poststocking, implying greater bank stability in CSR and RP pastures. Stream banks in pastures with the CSR treatment had a decreased (P = 0.07) vegetation cover score than the CSU treatment poststocking, im- Means within a column with different superscripts differ (P < 0.10).
1 Slope = 1 (flat) to 3 (steep), vegetative cover = 1 (heavy) to 4 (bare), stability = 1 (stable) to 5 (very unstable), and erosion susceptibility score = 1 (less prone to erosion) to 60 (highly prone to erosion). Measurements were taken pre-, mid-, and poststocking (May, July, and October, respectively). plying greater vegetation on banks of CSR pastures. As the product of these combined measurements, the stream bank erosion susceptibility score was smaller (P = 0.05) for pastures with the CSR and RP treatments than the CSU treatment poststocking, implying that stream banks with the CSR and RP pastures were less susceptible to erosion than CSU pastures.
Yearly effects on the bank slope score occurred postgrazing because the banks had a greater (P = 0.02) slope in 2009 than in 2008, which may be caused by bank cutting that took place over the winter across treatments between the 2 grazing seasons. Because the proportion of bare ground was greater ( In spite of the effects of treatments or interactions between treatments and years for stream bank slope, vegetation, stability, and erosion susceptibility scores in the 2 yr of this study, 5-yr trend lines for these scores at the prestocking measurement of each year did not differ between grazing treatments. Thus, treatment differences in the stream bank stability and erosion susceptibility scores in this study may have resulted from differences in stream characteristics at the initiation of treatments in 2005. Streams in 1 RP pasture and both CSU pastures had ox bows opposite from cutbanks, whereas CSR pastures had no ox bows ( Figure  1a) . Furthermore, the mean bank stability score of CSU pastures was 12 and 30% greater than CSR and RP pastures when the treatments were initiated in May, 2005 (Nellesen et al., 2011) .
DISCUSSION
Grazing cattle congregate in riparian areas within pastures because they are sources of food, water, and heat stress relief (Ballard and Krueger, 2005) . Allowing grazing cattle unrestricted access to pasture streams at high stocking rates can cause damage to stream banks, resulting in increased erosion in western rangelands or southern pastures (Trimble, 1994; Line et al., 2000; Byers et al., 2005 ). In the current experiment, averaged over all months, cattle in the CSU treatment spent 1.8 and 9.0% of the time within the stream and streamside zones, respectively, when off-stream water was not available.
Cattle with stream access restricted to stabilized crossings spent 80.4 and 77.9% less time in the stream and streamside zones than the CSU treatment, respectively. It seemed that cattle were uncomfortable loitering within the stream crossing, whether caused by the close proximity to the electric fences or the crushed rock that lined the stream crossing. Additionally, rapid transition of the cattle through stream crossings may have resulted in undocumented cattle presence in or near the stream because the GPS collars only recorded position every 10 min. However, the stabilization of the stream crossing should minimize any erosion that takes place from these short stays.
Restricting cattle access to pasture streams by the use of riparian paddocks in rotationally stocked pastures also reduced the time that cattle were in the stream and streamside zones by 4.8 and 29.8% (as measured by GPS collar) compared with the CSU treatment. Furthermore, incorporating a riparian paddock into a rotational stocking system allows for control of cattle stream bank access to a time when the banks are less vulnerable to failure, such as when the stream banks are dry (Langendoen et al., 2009) . During the 2008 season of the present experiment, grazing of the riparian paddock in the RP treatment was delayed until late July (ordinal d 212) because of flooding events. Therefore, stocking of the riparian paddock only occurred from July to October, allowing stream banks to stabilize after the wet spring.
Studies have shown decreased erosion and improved riparian characteristics from the exclusion of cattle from stream banks (Trimble, 1994; Miller et al., 2010 ). In the current experiment, forage mass, vegetative cover and score, and erosion and stability scores of stream banks in CSR and RP pastures were superior to CSU pastures over the 2 yr of this experiment. However, because the 5-yr trend lines in the stream bank slope, vegetation, bank stability, and erosion susceptibility scores did not differ between grazing treatments, it seems that altering cattle distribution through grazing management had minimal effects on stream bank erosion susceptibility.
Reductions in the amount of feces deposited in streams or on stream banks will reduce the potential for nutrient and pathogen loading (McDowell et al., 2006) . Because the distribution of fecal deposits is highly related to cattle location, reductions of the proportion of time cattle spend in and near a stream will reduce the amounts of feces in and near the stream (Haan et al., 2010) . The proportion of ground covered with feces within the riparian zone and the proportion of time cattle spent near the stream in this experiment was reduced in the CSR and RP treatment. Therefore, the risk of fecal contamination of a pasture stream would be reduced by restricting cattle access to a stabilized stream crossing or, to a lesser extent, a riparian paddock compared with unrestricted stream access.
Off-stream water has been effective in reducing the amount of time cattle spend in riparian areas of both Western rangelands and Southern pastures (Sheffield et al., 1997; Porath et al., 2002) . In contrast, short-term cattle access to off-stream water in this experiment did not decrease the amount of time that cattle spent in or near a stream in cool-season grass pastures in central Iowa. The lack of effectiveness of off-stream water at this site may be a result of ample precipitation that occurred during this experiment. Monthly precipitation averaged 10. 4, 22.4, 10.3, 7.2, 8.8, and 6 .0 cm from May to October during the 2008 and 2009 grazing seasons, whereas the average monthly precipitation in May to October at this site is 10. 8, 13.4, 12.6, 11.5, 8.1, and 6.6 cm, respectively (NOAA, 2008) . These amounts of precipitation resulted in a large number of natural offstream water sources such as small puddles and gullies throughout the pastures. Therefore, in years in which pastures in the Midwest receive adequate rainfall to produce natural off-stream watering sites, there may be no benefit from the implementation of additional offstream watering troughs.
Along with ambient temperature, black globe temperatures can account for solar radiation (Buffington et al., 1981) , allowing BGTHI to be a useful measure of environmental stress on black-hided cattle (Mader et al., 2006) . Franklin et al. (2009) observed that offstream water troughs were more likely to result in a reduction of time that cattle spent in pasture riparian zones at a nonstressful temperature-humidity index than at stressful temperature-humidity index. In the present experiment, off-stream water did not affect the probability of cattle being within the riparian zone at any BGTHI. However, in May and September, which had decreased maximum BGTHI compared with the other months during the experiment, off-stream water reduced the proportion of time cattle were in the streamside zone. These data confirm those of Franklin et al. (2009) that off-stream water may have greater effectiveness during less stressful days with a greater proportion of the day at a reduced heat index.
Conclusions
Allowing grazing cattle unrestricted access in and near pasture streams can increase the potential for nonpoint source pollution by increasing bare and fecal-covered ground and reducing stream bank vegetation and stability. With proper grazing management, cattle can be allowed to graze riparian areas of a pasture without increasing the susceptibility of the stream bank to erosion. The utilization of a riparian paddock and restricting stream access to stabilized crossings are effective in minimizing the amount of time cattle spend in and near pasture streams, even during periods of increased heat stress. The altered temporal/spatial distribution increases stream bank vegetation and reduces fecal accumulation and erosion susceptibility of stream banks. However, access to off-stream water has little effect on cattle distribution in Midwestern pastures in years with excessive precipitation.
